Abstract. There are several factors that affecting the shear strength and shear strength parameters (i.e. cohesion and friction angle). In this study, the effect of coarse material percentage was tested. Six different mixtures of soils (clay and sand) with different coarse material percentages (i.e. from 80 % to 30% of coarse material percentage) were tested via using direct shear test under different moisture content percentage. The results indicated that the shear strength and friction angle were decreased by the increment of the percentage of coarse materials (sand). However, the cohesion results showed unique behavior. The cohesion (at every moisture content values) increased with the increment of the percentage of coarse materials until specific point then it started to decrease with the increment of the percentage of coarse materials.
Introduction
Generally, several parameters gave effect to the shear strength of soils. These parameters such as: Particle size [1] [2] [3] [4] , particle shape [5] [6] [7] [8] , moisture content, density and percentage of coarse materials. However, in this study, the effect of the percentage of coarse materials was investigated. Table 1 shows the summary of findings from previous researchers regarding the relations between the shear strength and friction angle with particle size. Meanwhile, Table 2 shows the summary of some findings by the previous researchers regarding the relations between the shear strength, friction angle with percentages of coarse materials. In addition, there are some other parameters that can affect the shear strength such as: (1) applied normal stress, Liu et al. [9] and Li et al. [10] , declared that the friction angle will decrease with the increment of the applied normal stress (or confining pressure). (2) Coefficient of uniformity, Liu et al. [9] indicated that, with the increment in the coefficient of uniformity, the friction angel would decrease. Kokusho et al. [11] the oversize particles have also affect on the shear strength [12] [13] [14] . (4) Shear rate has also influenced the shear strength [10, 15] . 
Materials and test procedures
In this study, 141 compacted samples (compacted by using ASTM [26] ) were tested by using direct shear test under ASTM [15] standard. The samples were classified to 6 mixtures soils (clay and sand) as the followings: (1) 80-20 (where 80 is 80% of coarse materials and 20 is 20% of fine materials < 75 μm), (2) 70-30, (3) 60-40, (4) 50-50, (5) 40-60 and (6) 30-70. Every soil mixture proportions was tested under three applied normal stresses, i.e. 10.5 kPa, 21 kPa and 31.5 kPa. However, due to the limitation of shear box size (100 × 100 mm), the maximum diameter size of coarse materials (sand) must be less than 3.35 mm. This was done to avoid soil particles to be oversized, thus to avoid overestimation in the shear strength and shear strength parameters values [22] [23] [24] . Meanwhile, the fine materials of kaolin were used due to the stable properties of kaolin compared with other clay minerals [27, 28] . Moreover, all the soil mixtures were compacted by using standard compaction test to achieve the maximum dry density. Therefore, the results on this paper included the optimum moisture content (OMC).
Effect of percentage of coarse materials in shear strength and shear strength parameters
The summary of shear strength results versus the percentage of coarse materials under different mixture and applied normal stress were tabulated in Table 3 . The applied normal stresses in Fig. 1 , 2, 3 were 10.5, 21.5 and 31.5 kPa, respectively. These plots indicate that the highest value of shear strength was at applied normal stress 31.5 kPa, while the lowest was at applied normal stress at 10. Figure 5 . The plot of friction angle versus the precentage of coarse materials (where w% is the moisture content).
Discussion
The study indicates that the shear strength decreased with the increment of the percentage of coarse materials. This result has good agreement with previous researchers who studied on the mixture of clay and sand [12] , and sand and gravel [13] . However, these outcomes disagree with other researchers who studied on the mixture of clay and gravel [6] and sand only [16] . The disagreement is due to the different shear rate, where a faster shear rate causes the pore water pressure to develop fast, and thus gives a low friction between the coarse particles. Thus, the decrement in the shear strength can be explained by the decrement of the friction angle with the increment of the percentage of coarse materials as shown in Fig. 5 . Meanwhile, the cohesion shows different values at the same moisture content for all different mixtures proportions. Fig. 4 shows that the increment in the percentage of coarse materials led to the increment of the cohesion until it reaches maximum point. Then, with the increment in the percentage of coarse materials, the cohesion started to decrease, produced the concave down quadratic curve relation. On the other hand, with the increment of the applied normal stress, the shear strength increased. These results show an agreement with the findings by Liu et al. [9] and Yazdanjou et al. [20] . 
Conclusion
A series of tests were conducted by using direct shear box test to study the effect of the percentage of coarse materials in the shear strength and shear strength parameters. The results are as the followings: -With the increment of the percentage of coarse materials, the shear strength and friction angle decreased.
-
The cohesion trends increases with the increment of the percentage of coarse materials until maximum points, then it decreased with the increment of the percentage of coarse materials. -With the increment of the applied normal stress, the shear strength increased.
